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(57) Abstract: The problem of progressive deform-
ing of the silencing rubber by the motion transmis-
sion member (chain) is present in silenced sprockets.
In particular for a toothed crown, lacking a central
hub, the problem of the deforming or "lowering" of
the rubber hasn't been resolved adequately. In the
case of a pinion with a hub, an excessive quantity of
rubber is used. The silenced sprocket of the present
invention comprises, adjacent to the base of its teeth
(105", a circular channel, or bilateral channel (200),
on the metal body of the sprocket itself. On the inner
circular step (110") of the channel (200) are dis-
charged the forces created in the rubber by the trans-
mission chain. The bilateral channel has a minimal
radial extension, such as about ¥ cm in the motor-
cycle field. In general the silencing rubber element
(106" and the bilateral channel (200), which creates
its housing, have a minimal radial extension com-
pared to the sprocket radius. The invention also com-
prises a molding technique that uses special molding
components (107a, 107b), adapted to apply the rub-
ber silencing element on the sprocket metal body.
These components are of annular circular shape, U
cross section and a width essentially corresponding
to the channel (200) width, rendering the mold inde-
pendent from the specific shape of the sprocket metal
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The present invention refers in general to the industrial fields which produce or use wheel
sprockets/gears. More in particular, the present invention concerns sprockets for the
transmission of motion in motorcycles and in high-performance motorcycles. Specifically, the
invention deals with a way of reducing vibrations generated by a transmission chain, at the
tangent and engagement point with the present sprocket, this being for example the rear toothed

crown of a motorcycle or the pinion of the gearbox.

Prior art

A technique for the reduction of vibrations in a sprocket is described for example in the
Japanese document JP 2000198483 by NIPPON MEKTRON KK.

In general the sprocket called “silent sprocket” has long been known. It constitutes a silenced
sprocket for chains. In particular it can comprise two lateral disks of vulcanized rubber, adapted
to anticipate the contact of the chain while it engages the sprocket. It is known that in the
engagement process, the plates of the chain inner plate compress the rubber (nitrile rubber,
NBR, for example) of said lateral disks, for about 1 mm. The rubber has the role of damping the
impact, consequently reducing the noise. Said rubber is usually positioned at about 1 mm from
the base of the sprocket teeth. Without the rubber, a pin of the inner plate would directly impact
the sprocket tooth.

In particular motorcycles have a pinion exiting the engine unit (gearbox exit) and this pinion

transmits its rotary motion to the motorcycle toothed crown integral to the rear wheel.
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Especially when the pinion rotates at high velocity (high engine revolutions), the motion
transmission chain, located between the pinion and the toothed crown, generates noise at the
tangent or engagement point with the rear wheel toothed crown, said noise caused by the
continuous impact between the transmission chain inner plate pins and the various teeth of the
toothed crown. The noise increases particularly in high-performance motorcycles, when values
of e.g. 4000 rev/min are reached. Now, the level of the noise generated in the described way, on
top of being annoying for the motorcycle rider, cannot exceed a specific threshold, otherwise the
motorcycle might not pass certification tests.

Efforts made so far to reduce said noise generated by the chain have not yielded appreciable
results, considering that generally they only made it possible to pass motorcycle certification
tests.

In particular in the motorcycle field, the toothed crown must be replaced usually after 25000
km. At the present state of the art, after some 3000 km the rubber is worn out (thus being useless
as explained below), and the noise begins to be heard again as if the rubber was no longer
present. Nevertheless, these 3000 km are enough to pass the certification test, even if they don’t
solve the background problem of eliminating the noise in the long run.

Considering that the motorcycle toothed crown must be replaced after the aforesaid 25000 km, a
particular objective of this invention for the motorcycle field is to prolong the duration of the
rubber up to at least 10000 km, for example. After said distance, the whole sprocket will have to
be replaced, as is not possible to replace only the rubber. There will therefore be the advantage
of being able to use one crown and one pinion for a period that is more than twice as long,
without hearing annoying noises.

In general, in motion transmission systems comprising chains and sprockets used in the
industry, there is nowadays the need to provide a vibration reduction system which will be

efficient and will last longer.
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The drawbacks of the known art can be more easily understood looking at figures 1 to 5
enclosed to this document.

Referring first of all to figure 1 (Fig. 1), it shows a toothed sprocket 1 of the known art before
being “vulcanized”, that is before the silencing rubber is applied with a process of rubber
injection molding and vulcanizing. Sprocket 1 is of the kind with two lateral hubs 2a, 2b. This
kind of sprocket corresponds to the aforementioned pinion. It is noted that the two sides 3a, 3b
of the sprocket are perfectly planar but have a series of openings (holes) 4, of which only some
are numbered in figure 1 for simplicity purposes. The holes 4 are through, concentric to the
center of sprocket 1, and equally spaced from each other. The sprocket has a plurality of
perimeter teeth 5. Sprocket 1 is partially shown in perspective in Fig. 1(a), and in cross section
in Fig. 1(b) (the cross section actually corresponding to the front view in Fig, 1(a)).

Figure 2 instead shows the same toothed sprocket 1 after vulcanization. Currently this kind of
vulcanization of sprocket 1 is restricted to the motorcycle field only, and only to such driving
sprocket 1, which has the hub (pinion) which offers a support base (see subsequent
explanations) where the pressures of the chain (not shown) exerted on the rubber can be
discharged (high dynamic forces, especially in high-performance motorcycles).

Referring specifically to figure 2, it is shown how the cushioning rubber 6 covers sprocket 1 of
figure 1 on both sides, along circular sections that extend from almost the base of teeth 5
(usually at a distance of about 1 mm from said teeth 5) to hub 2a, 2b. In Figs. 2(a) and 2(b)
sprocket 1 of Fig. 1 can be seen ideally sectioned in half, diametrically, and it is shown that
rubber 6 during the injection molding process penetrated the through holes 4, such that in the
section in Fig. 2, also regarding such two through holes 4, it looks like the rubber forms a U
shaped ring. Rubber 6 thus forms a single body and stays fixed on both sides, or side sections,
3a, 3b to sprocket 1.

Figure 3 shows the traditional mold (in two halves 7a, 7b) for the injection and vulcanization of

rubber 6. In the cross section in Fig. 3(b) it can be noted that the rubber is injected through the
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injection orifice 8 (arrow IY) and then occupies the whole region shown. Part 7a of mold 7a, 7b
does not have injection orifices.

Referring to Fig. 4, it shows advantages and disadvantages of this traditional technique.

The transmission chain inner plates (not shown), impacting on the rubber 6 cylindrical annular
surfaces 9, prevent the pins of the inner plates from impacting suddenly against the teeth 5, thus
absorbing vibrations and noise. Figure 4(a) corresponds to figure 1(a) after the vulcanization of
pinion 1. Figure 4(b) on the right shows detail “A” of figure 4(a) enlarged. From figure 4(b), in
particular, it can be inferred that rubber 6 has a support base on lateral hubs 2a, 2b, or hub 2.
The arrows show the discharge/absorbing of the pressure exerted by the chain on rubber 6 and
on the support base (central hub 2). The support base for the rubber being necessary (to absorb
the pressure of the chain), the whole surface of pinion 1 must then be vulcanized (as shown in
the figures). In fact, the only contact point between the chain and the rubber is 2 mm of the
section of the chain plate (max. 2.4 mm according to the motorcycle power). The result is a
considerable waste of synthetic material, which is also polluting. In contrast, it must be
mentioned among the advantages that the support base consisting of the hub 2 guarantees a
remarkable duration of the rubber, and therefore of the sprocket.

Finally, in this overview of the known art, the problem of silencing a sprocket of the kind of a
toothed crown without a central hub is treated. In this regard, reference is made to figure 5 (Fig.
5(a) and 5(b)). In substance, an attempt was made to apply the same silencing principle on a
toothed crown as well, but because of the missing support base (the crown doesn’t have a hub),
the seal of the rubber 6 cantilevered and on a smooth surface, like the surface of the two sides
of toothed crown 1°, has proven unreliable. In other words, the continuous shocks transmitted to
the annular cylindrical surfaces 9° of rubber 6’ from the chain inner plate (not shown),
determined the “wearing of the rubber” in the sense of progressive lowering / compression in
time, until the condition is equivalent to the total absence of rubber on the toothed crown 1°. The

retention force exerted by rubber 6 also injected in the through holes 4’ of toothed crown 1’
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(comparable to the previous through holes 4 of sprocket 1) wasn’t enough to oppose this
compression effect.

The motorcycle industry had to abandon silenced toothed crowns.

One objective of the present invention is to overcome the abovementioned problems,
introducing to the industry, in particular also to the motorcycle industry, silenced sprockets
which have a remarkable duration and damping efficiency, which require a minimum of
synthetic material (rubber), and which can be manufactured with versatile injection molding
devices which can be adapted to different kinds of sprockets.

These objectives will be reached in the manner specified in the appended claims. The dependent

claims point out several invention execution variants.

Brief description of the drawings

The Figures show:

Figs. 1-5: the sprockets of the known art, as well as their vulcanization methods, as described
above;

Figs. 6(a), (b): front and lateral view of a cross section of the sprocket (pinion) before its
vulcanization, according to this present invention;

Fig. 7(a): perspective view of the cross section of the pinion according to the invention shown in
Fig. 6, after its vulcanization;

Fig. 7(b): enlarged view of the detail highlighted by circle “B” in Fig 7(a);

Fig. 8(a): similar view to Fig. 7(a), but with a channel (annular recess) of different shape;

Fig. 8(b): similar view to Fig. 7(b), but with a channel (annular recess) of different shape;

Fig. 9(a), (b): the invention mold and the vulcanization method according to the present

invention, for the pinion in Fig. 7;
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Figs. 10(a), (b): a toothed crown silenced according to the present invention, viewed in a partial
perspective view (cross section) and in an enlarged detail (as highlighted in circle “A” in Fig. 10
(a)) respectively;

Figs. 11(a), (b) similar views to figure 10, but with a bilateral channel (annular recesses) of

different profile or shape;

Description of some currently preferred embodiments

The present invention will be described purely as an example, and not in a limitative or binding
way, using figures 6 to 11 appended to this document, which concern exclusively the present
invention. Such figures show some illustrative embodiments, but they aren’t limiting or binding
in any way regarding the present inventive concept.

In general, in the following of the present description, all details that are however obvious, or
implicitly known, to the average man skilled in the art will be omitted. For example, the
methods used to create the bilateral channels of the invention on the sprocket can be of different
type, such that is not necessary to describe the manufacturing processes in detail. Also the
materials used (different kinds of rubber to be used in the vulcanization of the sprocket or the
sprocket material itself, such as quenched steel) can be adapted by the man skilled in the art to
the specific application, in order to optimize the results achieved.

Also other technical details must be considered as known to the average man skilled in the art,
and won'’t be treated here.

Furthermore, in figures 6 to 11, as a simplification the same numerical references will be always
used to indicate the same components of the claimed product.

In order to distinguish the present invention from the known art of figures 1 to 5, all numerical
references in figures 6 to 11 will start from number 100.

Figure 6 highlights the different structure of pinion 100 (according to the present invention)

from the known art. Indeed, the through holes 104, equidistant and concentric, are now obtained
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in two circular recesses 200 (“bilateral channel 200™) obtained on the two surfaces (sections
adjacent to teeth 105) of sprocket 100. By virtue of such circular “channels” 200 realized
according to the invention in the corresponding “tooth section” (103a or 103b) of pinion 100,
two circular steps (seen in the cross section of Fig, 6(a)) on the “tooth sections” 103a and 103b
accordingly are created on each side of pinion 100. The corresponding surfaces (3a and 3b) of
pinion 1 of the known art are otherwise smooth (see Fig. 1). As better described below, the
aforesaid circular steps allow not having to depend on hub 102 for support.

Fig. 7 shows the invention pinion 100 after vulcanization and the effect created by the bilateral
channel 200 according to the present invention. The housing (of a rectangular profile in cross
section) for rubber 106 created by these circular recesses 200, absorbs the thrusts towards the
inside (see arrows in Fig. 7(b)) thanks to the presence of the inner circular step 110. Said thrusts,
caused by the chain inner plate (not shown), act on the circular cylindrical surfaces 109, but
opposite to the toothed crown of the known art (Fig. 5), are now opposed by the inner circular
step 110. Step 110, a few millimeters deep, receives such thrusts and is deep enough to sustain
the pressure exerted by the chain on rubber 106. Hundreds of tests made in extreme conditions
confirmed the total reliability of this system.

Even though (as in the known art) rubber 106 entering the through holes 104 during the
injection molding forms a solid body, thus giving some retention effect of rubber 106 itself on
sprocket 100, such effect doesn’t allow, or is anyway insufficient for avoiding the compression
of the rubber circular cylindrical surfaces 109 caused by the chain pressure.

Figure 8 shows an alternative embodiment (or variant) of the present invention applied to pinion
100a in which the profile of the step that receives the chain pressure is wedge shaped. Such
wedge shaped circular step, shown by number 100a in Fig. 8(b), allows optimizing the pressure
absorption action exerted by the chain. Obviously, other types of profiles / cross sections of the
bilateral channel 200 can occur to a man skilled in the art, without applying any inventive effort.

All these variants are therefore comprised in the same inventive concept of the present
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invention. The two pairs of arrows in Fig. 8(b) indicate the transmission of forces towards the
steps situated on the two respective sides of the silenced sprocket according to the present
invention.

Figure 8§ also deals with a pinion with two lateral hubs, exactly like in figure 7.

In Fig. 9 (Fig. 9(a) and 9(b)) the innovative mold and the vulcanization technique are shown,
according to the present invention. These innovations are described in the application example
concerning again pinion 100 for motorcycles, modified according to the present invention, that
is with the bilateral channel 200. The bilateral channel allows for the vulcanization of only the
surface where the rubber is required, thus allowing a considerable reduction of the rubber
volume required. For example, vulcanizing the same identical pinion of Fig. 2 (which however
lacks the bilateral channel 200) and achieving the same noise absorption, the volumetric value
of the NBR rubber will be 2/3 less in Fig. 9 (present invention) compared to the volume of NBR
rubber of the traditional pinion 1 in Fig. 2. Therefore, according to the present invention (Figs.
6,7,8,9), thanks to the presence of the steps created by the circular recesses 200, annular support
surfaces are created for the rubber, which allow to reduce considerably the quantity of silencing
material (rubber) used. The diameter and depth of the hub are inconsequential with this
technology, therefore ignored. This allows to use — according to the present invention —
particular molding devices (also simply named “molds”), as clearly shown in Fig. 9, which are
more versatile since they don’t depend (in contrast to the molding devices 7a,b of traditional
type in Fig. 3) on the hub height/depth or its diameter.

Specifically, said molding devices 107a, 107b (Fig. 9) create channel-shaped rings (one of
which with an injection hole 108) with width adapted to the width of the circular recesses 200,
where the edges of the means 107a, 107b which are in contact with the surface of pinion 100 are
rectified in order to ensure optimal tight seal during the injection molding.

In conclusion, in all cases (pinion in Figs. 6 to 9) , in contrast to the known art, the present

invention allows to avoid the lateral rubber disks shown in Fig. 2, which extend to the hub in
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order to create a support base. This allows using less material (less pollution!) and more
versatile and adaptable molds.

The advantages of the present invention are more obvious when this is applied to a motorcycle
toothed crown (drive sprocket), and in general to sprockets lacking a central hub.

The last figures, figures 10 and 11, refer to this last issue. They show how toothed crown 100
and 100a’ respectively present a bilateral channel 200, or in other words two circular recesses
200 on the respective “tooth sections” (on both sides of the toothed crown).

The two toothed crowns 100" and 100’a differ in the profile of the cross section of the channels
(the first rectangular, wedge shaped the other). The respective enlarged details “A” of figures
10(b) and 11(b) show the same functional principle and the same inventive concept enunciated
and described before, but is important to note that in the case of a toothed crown (without a hub)
the present invention permits for the first time to obtain a real “silent sprocket”, whose operation
is guaranteed for a long period of time and in the case of a motorcycle amply exceeds the period
required for the certification tests. This permits to prolong the toothed crown usage time period.
A transmission block composed of O-ring chain and silenced sprockets (pinion and toothed
crown) according to the technique of the present invention permits to reach noise values

comparable to a belt transmission. Therefore also the noise containment efficiency is optimal.

Silenced sprockets for industry

The sprocket size can be larger, and their thickness greater than those of the sprockets dealt with
up to now, therefore an infinite range of profiles (channels) can be used in order to optimize the
rubber resistance. The noise in working environments with a high concentration of chain driven
plants (product transportation-handling, manufacturing, packaging etc.) is annoying and often
protested. The manufacturers of such plants are always busy developing increasingly silent
systems. The possibility of supplying them with silenced sprockets is therefore a great

opportunity to reduce the noise in working environments.
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1.
2.

10 6.

Maximized construction simplicity;

A unique mold for a specific pitch and toothing (reduced mold cost);

Total reliability both on a pinion (sprocket with a hub) and on a toothed crown (sprocket
without a hub);

Less pollution by reducing the volume of rubber required;

The construction principle allows to produce silenced sprockets for the entire industrial
field;

Possibility of channel profile modification in order to increase the loads;
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Claims

1. Silent sprocket/gear (1007; 100’a) of the toothed crown type without a hub, comprising a
circular disc-shaped metal body having a plurality of peripheral teeth (105”) and a center
5 with a possible central hole, further comprising an elastic silencing member (106°, 106’a)
applied by means of injection molding on the metal body of the silent sprocket/gear, said
elastic silencing member (106°, 106’a) having the following characteristics:
- it is extended on each side of the metal body, in an area arranged all around the center,
starting from a substantially circular ideal line and directly adjacent to the base of said
10 peripheral teeth (1057);
- it passes through a plurality of through openings (104") obtained in the metal body and
arranged in said area;
- it projects laterally with respect to the metal body, forming, on each side of the silent
sprocket/gear, respective peripheral outer circular cylindrical surfaces (109”) facing a
15 radial direction, which surfaces are adapted to come in contact with a transmission chain;
characterized in that in the metal body, in each of said areas of each side, the surface of the
respective area forms a depression with respect to an immediately adjacent surface of the
metal body, so as to create at least one inner step (110°; 1107a) for support and contrast of
the pressures that can be exerted by the chain and transmitted to the elastic silencing

20 member (1067, 106’a) through its peripheral outer circular cylindrical surfaces (1097).

2. Silent sprocket/gear (100; 100’a) according to claim 1, characterized in that said area
forms, on each side of the metal body, a circular channel (200) with constant cross-section,
which is extended all around said center of the metal body.

25
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Silent sprocket/gear (100°; 100’a) according to claim 1 or 2, characterized in that said
through openings (104°) are equidistant through holes (104”) distributed in a concentric

manner with respect to the center of the sprocket/gear.

Silent sprocket/gear (100’) according to any one of the preceding claims 2 or 3,

characterized in that the profile of the section of the circular channel (200) is rectangular.

Silent sprocket/gear (100’a) according to any one of the preceding claims 2 or 3,
characterized in that the profile of the section of the circular channel (200) is wedge-like or

dovetail-like.

Silent sprocket/gear according to any one of the preceding claims, characterized in that the
elastic silencing member is radially extended inwardly i.e. towards the center and the
possible central hole of the metal body, starting from a distance of about 1 mm measured

from the base of the teeth (105°).

Silent sprocket/gear (100’; 100’a) according to any one of the preceding claims,

characterized in that the material of the silencing member is nitrile rubber NBR.

Silent sprocket/gear (100’; 100’a) according to any one of the preceding claims,
characterized in that said area or said channel (200) with constant section is extended width-
wise for a minimum distance, corresponding for example to about Y2 cm, when the size of
the primitive radius of the sprocket/gear is about 10 cm, and in any case it has a width of at
least one order of magnitude smaller than the primitive radius of the sprocket/gear i.e. of the
radius measured from the centre to the circumference of the primitive circle of the toothed

crown sprocket/gear without a hub.
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10.

11.

12.

13.

13

Silent sprocket/gear (100°; 100’a) according to claim 2 and the following claims,
characterized in that said through holes (104) occupy a width-wise distance, i.e. in a radial
direction, inside the circular channel (200), which corresponds almost to the entire width of

the circular channel (200) itself.

Silent sprocket/gear (100’; 100’a) according to any one of the preceding claims, wherein
said elastic silencing member (100°;100’a) forms a thin strip on each side of the

sprocket/gear, having a width of for example about Y2 cm and a depth/projection > 1 mm.

Silent sprocket/gear (100°; 100’a) according to any one of the preceding claims, comprising

undercut openings (300).

Silent sprocket/gear (100’; 100’a) according to any one of the preceding claims,
characterized in that said elastic silencing member forms a single rubber body, with rubber

pins that pass through the through holes (1047).

Silent sprocket/gear (100; 100a) constituting a pinion with a central hub (102), comprising a
circular disc-shaped metal body bearing a plurality of peripheral teeth (105) and a centre,
with a possible central hole in the hub (102), further comprising an elastic silencing member
(106, 106a) applied by means of injection molding on the metal body of the silent
sprocket/gear, said elastic silencing member (106, 106a) having the following
characteristics:

it is extended on each side of the metal body, in an area arranged all around the centre,

starting from a substantially circular ideal line directly adjacent to the base of said

peripheral teeth (105);
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it passes through a plurality of through openings (104) obtained in the metal body and
arranged in said area;

it projects laterally with respect to the metal body, forming on each side of the silent
sprocket/gear respective peripheral outer circular cylindrical surfaces (109) facing a

radial direction, which surfaces are adapted to come in contact with a transmission chain;

characterized in that in the metal body, in each of said areas of each side, the surface of the

14.

15.

16.

respective area forms a depression with respect to an immediately adjacent surface of the
metal body, so as to create at least one inner step (110; 110a) for support and contrast of the
pressures that can be exerted by the chain and transmitted to the elastic silencing member
(106, 106a) through its peripheral outer circular cylindrical surfaces (109), and that said
inner step (110; 110a) is arranged at a set distance from the hub (102) in such a manner that
a substantially planar annular surface is present between said inner step (110; 110a) and the

hub (102) of the sprocket/gear or pinion, on each side.

Silent sprocket/gear (100; 100a) according to claim 13, characterized in that said areas form,
on each side of the sprocket/gear, a circular channel (200) with constant section and with

rectangular, wedge-like, dovetail-like or other profile.

Silent sprocket/gear (100; 100a) according to claim 14, characterized in that said through
openings (104) are equidistant through holes (104) distributed in a concentric manner with

respect to the centre of the sprocket/gear or the hub (102).

Silent sprocket/gear (100; 100a) according to any one of the preceding claims from 13
onwards, characterized in that the elastic silencing member is radially extended inwardly i.e.
towards the hub (102) and the possible hole thereof, starting from a distance of about 1 mm

measured from the base of the teeth (105).
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17.

18.

19.

20.

15

Silent sprocket/gear (100; 100a) according to any one of the preceding claims from 13

onwards, characterized in that the material of the silencing member is nitrile rubber NBR.

Silent sprocket/gear (100; 100a) according to any one of the preceding claims from 14
onwards, characterized in that said area or said channel (200) with constant section is
extended in width for a minimum distance, corresponding for example to about %2 cm and in
any case it has a much smaller width than the primitive radius of the sprocket/gear that is of

the radius measured from the centre to the circumference of the primitive circle.

Silent sprocket/gear (100; 100a) according to any one of the preceding claims from 13
onwards, characterized in that said elastic silencing member forms a single rubber body,
with rubber pins or members that pass through the through openings (104) or the through

holes (104).

Components for injection molding and vulcanization of the material forming the elastic
silencing member in a sprocket/gear (100; 100a; 100’; 100’a) according to any one of the
preceding claims, characterized in that said components comprise a first annular component
(107a) and a second annular component (107b) each having a U-shaped cross section with a
base and two sides or wings, so as to form a respective annular channel, said base of the
annular channel of each component (107a; 107b) having a width substantially equal to that
of the circular area or channel (200) of the metal body of the sprocket/gear, and in that at
least one (107b) of said components, for example the second component (107b), has one or
more holes (108) for injecting the synthetic material to be vulcanized that will form the

elastic silencing member (106; 106a; 106’; 106°a).
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21. Components according to claim 20, characterized in that they have grounded edges on their
open part opposite the base of the annular channel, that is on the free ends of the sides of the
U, in order to ensure optimal contact with the metal body and thus an optimal tight seal
during the introduction of the synthetic material to be vulcanized in order to form the elastic

5 silencing member (106; 106a; 106°; 106’a).
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